Regulation of estrus in the ewe with prostaglandin or progestogen causes death of sperm in the cervix and inhibits sperm transport through the cervix at the regulated estrus. Because removal of the corpus luteum (CL) alters the estrous cycle, experiments were conducted to determine the effect of removing the CLbearing ovary on sperm survival and transport in the cervix at the ensuing estrus. In the first experiment, the ovary bearing the CL was removed from each of 45 unilaterally ovulating ewes on day 3, 10 or 15 of the estrous cycle (day 0 = first day of estrus). Fifteen ewes from which the non-CL-bearing ovary was removed on day 15 served as controls. Time from surgery until estrus averaged 2.1 to 2.5 days per group. At estrus, each ewe was mated to two rams and necropsied 2 hr later. Sperm were washed from the oviducts, uterus and anterior, middle and posterior one-thirds of the cervix and counted. Removal of the CL-bearing ovary (CLX) decreased (P<.01) the number of sperm recovered, particularly in the anterior one-third of the cervix, where sperm numbers averaged 1.55 million in control ewes, 40,000 in ewes CLX on day 10 and 330,000 and 220,000 in ewes CLX on day 3 or 15. In the next experiment, the CL-bearing ovary was removed from each of 18 ewes on day 10 or 14 of the cycle. Ten ewes from which the non-CLbearing ovary was removed on day 15 served as controls. Time from surgery to estrus averaged 2.0 to 2.3 days per group. At estrus, ewes a Reproduction Lab., Animal Science Institute, AR, SEA, Beltsville Agricultural Research Center.
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were mated to two rams and necropsied 2 hr later. Sperm were flushed from the uterine body, anterior one-third of the vagina, anterior, middle and posterior one-thirds of the cervix. Condition of sperm was assessed by motility estimates, live-dead staining and normality of apical ridges. CLX on day 10 or 14 significantly reduced the percentages of motile sperm, unstained (live) sperm and sperm with normal apical ridges (NAR); reductions were greater in the uterine body and the anterior one-third of the cervix than in the middle and posterior thirds of the cervix (P<.02, .0001 and .0003, respectively, for percentages of motile, unstained and NAR sperm). In the anterior third of the cervix, percentages of motile sperm for control and CLX ewes averaged 30 and 6, respectively; percentages of unstained sperm averaged 58 and 18, and percentages of sperm with normal apical ridges averaged 44 and 12. Immobilization and death of sperm in the reproductive tract were clearly associated with failure of sperm transport after CLX during the estrous cycle. (Key Words: Ewes, Sperm Transport, Corpus Luteum Removal.)
Introduction
Reduced numbers of sperm have been found in the oviducts of ewes after regulation of estrus by the administration of progestogen (Quinlivan and Robinson, 1969) , after regulation of estrus by administration of prostaglandin F20t to regress corpora lutea (Hawk and Conley, 1975) , after insertion of a plastic device in the uterine lumen (Hawk and Conley, 1975) , after ewes grazed on subterranean clover with high estrogen content (Light-foot et al., 1967) and after administration of 25 gtg of estradiol for 14 days preceding estrus (Croker et al., 1975b) . After regulation of estrus with progestogen or prostaglandin, limited numbers of sperm reach the oviducts, apparently accounting for lowered 611 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 3, 1981 ovum fertilization rates (Robinson, 1968; Fairnie et al., 1977) and low fertility (Robinson, 1968; Gordon, 1977) .
Problems of sperm transport are evident in the cervix as early as 2 hr after insemination, when the number of sperm in the anterior one-third of the cervix may average less than 10% of the normal number (Robinson, 1975; Hawk and Conley, 1975) . In previous experiments in this laboratory (Hawk et al., 1981) , the use of prostaglandin or progestogen to regulate estrus resulted in decreased percentages, at 2 hr after mating, of sperm that were motile, live and had normal apical ridges in the anterior one-third of the cervix. Because sperm must apparently be alive and motile to populate the cervix (Matrner and Braden, 1969; Lightfoot and Restall, 1971) , an increased incidence of sperm death in the reproductive tract might be a factor in the inhibition of sperm transport.
Efficient sperm transport in the ewe, defined as sufficient numbers of sperm reaching the oviducts to ensure a high rate of fertilization, probably depends upon a finely tuned sequence and balance of ovarian hormones acting on the reproductive tract before and during estrus. Consequently, an alteration in the normal pattern of hormone secretion might disrupt sperm transport mechanisms. If so, removal of the corpus luteum (CL)-bearing ovary during the estrous cycle, causing an abrupt cessation of progesterone secretion, might be expected to inhibit sperm transport at the ensuing estrus. This study was conducted to determine (1) whether removal of the CL-bearing ovary would reduce the number of sperm in the anterior one-third of the cervix at the ensuing estrus, and (2) whether reduced efficiency of sperm transport is associated with increased immobilization and death of sperm in the cervix.
Materials and Methods
Exp. 1. Sperm Transport after Removal of the CL-bearing Ovary. Parous ewes of Rambouillet breeding, about 6 years of age, were checked for estrus twic e daily with vasectomized rams. The first day of estrus was defined as day 0 of the estrous cycle. On day 3, 10 or 15 of the cycle, ewes were anesthetized with pentobarbital and laparotomized midventrally, and one ovary was removed. Only ewes with CL on one ovary at the time of laparotomy were used.
The CL-bearing ovary was removed from 15 ewes on day 3 to prolong the nonluteal phase by about 3 days; from 15 ewes on day 10, in the midluteal phase of the estrous cycle, and from 15 ewes on day 15 to maintain the usual length of the estrous cycle. (Ewes from which the CL-bearing ovary was removed will be referred to as "CLX ewes.") Fifteen ewes served as controls; only their non-CL-bearing ovary was removed on day 15. Control ewes were in estrus an average of 2.5 days after the day of surgery. Ewes from which the CL-bearing ovary was removed on day 3, 10 or 15 were in estrus 2.2, 2.2 and 2.1 days after surgery, respectively.
Within 1 hr after a ewe was determined to be in estrus, she was mated once to each of two rams within a period of 10 minutes. Ewes were necropsied 2 hr after mating. No ewe had ovulated. The reproductive tract was excised, and sperm were washed or flushed from the oviducts, uterus and three segments of the cervix with saline solution (.9% NaC1). The cervix was divided into the anterior, middle and posterior one-thirds; for brevity, these segments will be referred to as the "anterior," "middle" and "posterior" cervix. Sperm in the flushings were counted with a phase-contrast microscope. Methods for flushing the segments of the reproductive tract and counting sperm have been reported in detail (Hawk and Conley, 1975) .
Individual sperm counts were transformed to their log10 and analyzed by the General Linear Models Procedure of the Statistical Analysis System (Burr et al., 1976) . No sperm were recovered from many of the oviducts; therefore, data for the oviducts were omitted from the statistical analysis. In the orthogonal contrasts, numbers of sperm recovered from control ewes were compared with the numbers recovered from all CLX ewes. Because of the effects of prostaglandin F2~ administered on day 10, sperm numbers in ewes CLX on day 10 were considered to. be the most likely to differ from sperm numbers in controls; therefore, data for ewes CLX on day 10 were compared with those for ewes CLX on days 3 and 15; then data for ewes CLX on day 3 and day 15 were compared.
To confirm that removal of the CL-bearing ovary actually caused a rapid reduction in the concentration of circulating progesterone, we removed the CL-bearing ovary from five other ewes on day 10. Blood samples were collected from the jugular vein at 10 and 5 min before CLX and at 0, 5, 10, 15 and 35 min after CLX. Progesterone in blood serum was assayed by a method described previously (Cooper et al., 1975) .
Exp. 2. Immobilization and Deatb of Sperm in tbe Reproductive Tract of CLX Ewes.
The CL-bearing ovary was removed from ewes on day 10 or 14 of the estrous cycle. Day 10 was chosen because of the pronounced inhibition of sperm transport in ewes in Exp. 1 that were CLX on day 10. Day 14 was chosen because most CL would still be almost fully functional (Pratt et al., 1977) but the estrous cycle would not be appreciably shortened. As in Exp. 1, the non-CL-bearing ovary was removed from control ewes on day 15 of the cycle. Because CLX ewes were always in estrus on the second or third day after surgery, day 15 was the most logical day on which to perform surgery on control ewes to maintain the normal length of the estrous cycle.
All control ewes were in estrus 2 days after surgery, and ewes that were CLX on day 10 or 14 averaged 2.3 and 2.0 days, respectively, from surgery to estrus. Within 1 hr after detection of estrus, each ewe was mated once to each of two rams and necropsied 2 hr later. No ewe had ovulated at the time of necropsy.
The reproductive tract was excised and sectioned into five segments for sperm recovery: the uterine body and adjoining 2 cm of the uterine horns, the anterior one-third of the vagina and the anterior, middle and posterior one-thirds of the cervix. Each segment was opened lengthwise to expose the lumen, placed in 10 ml of a glucose-fructose semen diluent (Watson and Martin, 1975) and shaken for 1 minute.
Sperm in the washings of each segment of the tract were evaluated on the basis of motility, live-dead staining and acrosomal morphology. Aliquots of washings were examined immediately for sperm motility at 37 C on a heated stage with a phase contrast microscrope. Sperm showing flagellar movement were considered to be motile. Sperm in other aliquots of washings were exposed to a nigrosin-eosin stain; details of the staining procedure have been described (Hawk et al., 1981) . Sperm that did not stain were considered to have been alive at the time of staining.
Other aliquots of washings were mixed with equal volumes of Beltsville L1 semen extender (Pursel et al., 1973) containing 2% glutaraldehyde to fix sperm. Fixed sperm were examined with a phase-contrast microscope and classified as having a normal apical ridge (NAR), damaged apical ridge, missing apical ridge or loose acrosomal cap (Pursel et al., 1972) . Most damaged sperm had a missing apical ridge.
At least 100 sperm from the vagina and posterior and middle cervix were examined for motility, live-dead staining and acrosomal morphology. Fewer than 100 sperm were sometimes found in the anterior cervix of CLX ewes, and fewer than 10 sperm were sometimes found in the washings of the uterus of CLX ewes. Because of the difficulty of finding enough sperm from the uterine body of CLX ewes for a reliable estimate of acrosomal damage, acrosomal morphology was not evaluated for the uterine body.
For statistical analysis of data, the percentages of motile sperm, unstained sperm and sperm with NAR acrosomes were transformed to their arcsin and subjected to analysis of variance (Barr et al., 1976) .
Results

Exp. I. Sperm Transport.
The numbers of sperm recovered from the oviducts, uterus and three segments of the cervix are presented in table 1.
Surgery on control ewes for removal of the non-CL-bearing ovary on day 15 had no apparent detrimental effect on sperm transport into the anterior cervix; the numbers of sperm recovered from each segment of the cervix were similar to the numbers recovered from unoperate&upon control ewes necropsied 2 hr after mating in other experiments (Hawk and Conley, 1975; Hawk and Cooper, 1977; Hawk et al., 1978) .
Analysis of data on the uterus and all three segments of the cervix indicated that fewer (P<.01) sperm were recoverd from CLX ewes (groups 2, 3 and 4, table 1) than from control ewes. Fewer (P<.02) sperm were recovered from ewes that were CLX on day 10 than from ewes that were CLX on day 3 or 15, indicating that removal of the CL on day 10 had the greatest adverse effect on sperm transport. Numbers of sperm did not differ significantly between ewes that were CLX on day 3 and those CLX on day 15.
The interactions of control ewes versus the other groups over segments of the reproductive tract provided information on the sites in the reproductive tract at which removal of the CL-bearing ovary significantly reduced sperm numbers. The site of greatest inhibition was the aThe ovary not bearing the corpus luteum was removed from control ewes on day 15. The corpus luteumbearing ovary was removed from ewes in the CLX groups on the day indicated. Fifteen ewes per group. bMean + SEM.
CMultiplier for each mean.
dThe geometric mean (antilog) for total sperm in the cervix does not correspond to the sum of geometric means for the three segments of the cervix because of conversion of individual sperm counts to logarithms. The conversion reduced the influence on the mean of an occasional high sperm count.
anterior cervix (geometric means, table 1); the interaction of controls versus the three CLX groups with anterior cervix versus middle plus posterior cervix was highly significant (P = .006).
None of the interactions between day of CLX x segment of the reproductive tract was significant. The overall significant difference between ewes CLX on day 10 and ewes CLX on days 3 and 15 was due to fewer sperm throughout the cervix and uterus of the ewes that were CLX on day 10.
These results indicate that sperm transport was clearly inhibited in ewes from which the CL-bearing ovary was removed, and that sperm transport was inhibited more in ewes that were CLX on day 10 than in those CLX on day 3 or 15.
In five ewes from which the CL-bearing ovary was removed on day 10, the mean progesterone concentrations at 10 and 5 min before removal of the ovary were 2.1 + .8 (SEM) and 1.8 + .5 ng/ml, respectively. Progesterone concentrations at 0, 5, 10, 15 and 35 min after removal averaged 2.1 + .5, .8 + .2, .7 +-.3, .5 +-.2 and .3 + .1 ng/ml, respectively; removal of the CL-bearing ovary resulted in a rapid decline in concentration of circulating progesterone.
Exp. 2. Immobilization and Death of Sperm. The mean percentages of motile and unstained sperm and sperm with NAR acrosomes are given in table 2.
Removal of the CL-bearing ovary caused overall decreases in percentages of motile and unstained sperm (P<.02 and P<.0001, respectively). Means did not differ significantly between ewes operated upon on days 10 and 14. Means for the various segments of the reproductive tract, including data from all three groups of ewes, varied (P<.0001 for each sperm characteristic). These differences among segments were attributable mostly to higher means for the middle and posterior cervix than for the other segments of the tract (table 2) .
The segments of the reproductive tract in which sperm were affected adversely by CLX can be seen in significant interactions between control versus CLX ewes and segments of the tract. The interaction of CLX treatment • the aThe ovary not bearing the corpus luteum was removed from control ewes on day 15. The corpus luteumbearing ovary was removed from ewes in the CLX groups on the day indicated. bMean • SEM.
CThe following CLX ewes were excluded from the computation of the means because no sperm were found in the uterine body: two ewes CLX on day 10 and two CLX on day 14, for both motile and unstained sperm. dNumber of ewes in the group. eNormal apical ridge.
fBecuase of the paucity of sperm in the uterine body of ewes in groups 2 and 3, observations were not made for morphology of apical ridges.
vagina versus the other segments was significant for each sperm characteristic measured (P<.01 to P<.0001); this interaction was due mainly to effects of CLX on characteristics of sperm in the cervix and uterus. The interaction of CLX treatment • the posterior and middle cervix versus the anterior cervix and uterus was significant for each characteristic (P<.02, P<.0001 and P<.0003, respectively, for percentages of motile, unstained and NAR sperm); this interaction indicates clearly that the adverse effects of CLX treatment on sperm were most evident in the anterior cervix and uterus.
The day of CLX (day 10 or 14) affected percentages of motile and unstained sperm to some degree. Percentages were lower in the middle cervix of ewes CLX on day 10 than in that of ewes CLX on day 14 (table 2), and this effect of day was evident in significant interactions between day of CLX and posterior versus middle cervix (P = .007 and P<.04, respectively, for percentages of motile and unstained sperm).
The percentage of motile sperm was consistently lower than the percentage of live sperm, except in the uterine body of ewes CLX on day 14, where both percentages were low. This difference in percentages suggests an interval between loss of motility and death.
Although sperm were not counted in this experiment, the concentration of sperm in the flushings of the various segments of the tract indicated that CLX reduced sperm numbers in the anterior cervix about as much as it did in Exp. 1.
Discussion
In Exp. 1, removal of the CL-bearing ovary on day 10 of the estrous cycle caused a decrease in the number of sperm in the anterior one-third of the cervix, at the ensuing estrus, to less than 3% the number in control ewes. CLX on day 3 or 15 reduced the number of sperm recovered from the anterior cervix to about 20% the number in control ewes. The greater effect of CLX on day 10 than of CLX on day 3 or 15 was presumably associated with removal of fully functional CL, follicles on the same ovary or both.
The mean percentages of motile and unstained sperm and sperm with NAR acrosomes in control ewes in Exp. 2 were similar to the means for control ewes in previous experiments (Hawk et al., 1981) . Also, the reduction in percentages caused by removal of the CL-bearing ovary was similar to the reductions caused by regulation of the estrous cycle with prostaglandin F2~ or progestogen (Hawk et al., 1981) .
Although the CLX ewes in Exp. 2 undoubtedly had fewer sperm in the anterior cervix than did control ewes, work with ewes in prostaglandin-or progestogen-regulated estrus has shown that immobilization and death of sperm in the cervix are largely independent of the number of sperm in the cervix (Hawk et al., 1981) .
The association between immobilization of sperm in the cervix of CLX ewes (table 2) and reduced numbers of sperm in the anterior cervix (table 1) suggests that immobilization and death of sperm in the cervix interferes with establishment of a normal sperm population. The death of sperm could be caused by the presence of spermicidal conditions or by the absence of protective factors. The source of the problem might be the uterus, the cervix or both.
Estrogen is undoubtedly required for efficient sperm transport in the reproductive tract of the estrous ewe, as it is in the ovariectomized ewe (Allison and Robinson, 1972; Croker et al., 1975a) . On the other hand, both grazing on pastures high in estrogen content and the administration of 25/ag of estradiol for 14 days before estrus have inhibited sperm transport through the cervix (Lightfoot et al., 1967; Croker et al., 1975b) . Because of the critical influence of estrogen on the survival and transport of sperm in the ewe, it seems reasonable to suspect that ovarian hormones, perhaps primarily estrogen, also influence the conditions that cause the immobilization and death of sperm in the cervix and uterus.
Four treatments are known to increase sperm death in the ewe: (1) prostaglandin F2a or (2) progestogen treatment for the regulation of estrus (Hawk et al., 1981) , (3) insertion of an intrauterine device (H. W. Hawk, 13. S. Cooper, C. E. Rexroad, Jr. and V. G. Pursel, unpublisbed data) and (4) removal of the CL-bearing ovary. Each of these treatments undoubtedly changes the balance of steroid hormones that normally affect the reproductive tract before and perhaps during estrus. Progestogen treatment that extended the estrous cycle increased the concentration of estrogen in the circulation before estrus (Echternkamp et al., 1976) . Progestogen treatment that does not extend the cycle but inhibits sperm transport (Hawk and Cooper, I977) certainly changes the balance of steroids affecting the reproductive tract before estrus. Progestogen treatment also causes an earlier LH surge in relation to the beginning of estrus (Lewis et al., 1974) . An IUD elicits several responses from the sheep uterus that are similar to responses to estrogen (Hawk, 1969) . Either treatment of luteal-phase ewes with prostaglandin F2~ or removal of the CL-bearing ovary changes the natural rate of decline in progesterone secretion. Thus, before or during estrus, each of the four treatments known to increase the immobilization and death of sperm alters the normal amounts, sequences, balances or effects of ovarian hormones acting on the reproductive tract. These changes in endocrine influences on the tract may be the basis of both increased sperm death and decreased efficiency of sperm transport.
